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As a regulatory subunit of cyclin kinase, CKS1B promotes cancer development and is associated with poor prognosis in multiple cancer patients. However, the intrinsic role of CKS1B in pancreatic cancer remains elusive. In our research, CKS1B expression in pancreatic tumor tissue was higher than that in normal tissue by TCGA, Oncomine and CPTAC databases analysis. Similar result was verified in our center tissues by qRT-PCR. CKS1B expression was closely relevant to histologic grading, prognosis, and TMB. GSEA showed that CKS1B mainly participated in the regulation of autophagy and T cell receptor signaling pathway. Furthermore, CIBERSORT analysis showed that there was a strong correlation between CKS1B expression and tumor immune cells infiltration. Drug sensitivity analysis showed that patients with high CKS1B expression appeared to be more sensitive to gemcitabine, 5-fluorouracil, and paclitaxel. We then investigated cell viability and migratory ability by CCK8 and transwell assay, respectively. Results indicated that CKS1B knockdown by short hairpin RNA significantly reduced pancreatic cancer cell viability and invasion via regulating PD-L1 expression. In conclusion, our research further demonstrates the role of CKS1B in pancreatic cancer and the signaling pathways involved. The association of CKS1B with immune infiltration and immune checkpoint may provide a new direction for immunotherapy of pancreatic cancer.
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Introduction

Pancreatic cancer is among the deadliest malignancies with unfavorable diagnostic accuracy and patients’ prognoses. Due to the aggressive nature of early pancreatic cancer cells, it is difficult to completely cure pancreatic cancer through surgery (1). Despite advances in existing treatments for pancreatic cancer including surgery, immunotherapy, and chemotherapy, the patients’ five-year survival rate is below 10% worldwide (2). Hence, it is of great significance to conduct research on the underlying mechanism of pancreatic cancer and to discover novel therapeutic targets for the disease.

Malignant tumors result from cell cycle dysfunction and aberrant cell differentiation. CDC28 protein kinase regulatory subunit 1B (CKS1B), which belongs to the CKS family, participates in the modulation of cell cycle function by binding to the CDK’s catalytic subunit (3). The initiation and development of many malignant tumors are related to the overexpression of CKS1B, such as colon cancer, lung cancer, gastric cancer, and breast cancer (4–6). Deng et al. found that CKS1B silencing inhibites cell proliferation and invasion and activates apoptosis in glioma (7). In addition, a meta-analysis including 2,224 cancer participants showed that high CKS1B expression is associated with advanced T stage and lymph node metastasis (8). These evidences suggest that CKS1B may be a key gene to promote the malignant progression in a variety of tumors. Furthermore, CKS1B has been identified as a ubiquitin-like protein system resistance gene that can induce resistance to inhibitors of ubiquitin-like protein synthesis (9). Thus, previous studies have confirmed that CKS1B plays a vital role in the cancer cell growth, invasion, metastasis and chemical resistance. Nevertheless, deeper comprehension of the clinical prognosis and mechanistic explanation of CKS1B in pancreatic cancer is lacking.

As a novel therapeutic method, immunotherapy has become one of the research hotspots. PD-L1 (also known as B7-H1) is the main ligand of PD-1, mainly expressed in immune cells and tumor cells (10). Previous studies have shown that PD-L1 acts as an immune checkpoint to prevent the immune system from killing cancer cells by suppressing autoimmunity (11). Many studies have reported that high PD-L1 expression is closely related to poor survival in pancreatic cancer patients, which is an independent adverse prognostic factor (12–14). Therefore, tumor immunotherapy based on immune checkpoint blocker (ICB) has become the main method of tumor treatment nowadays (15). However, the efficacy of PD-1/PD-L1 blockers alone in the treatment of pancreatic cancer is actually poor, and only a few patients can benefit from immunotherapy currently (16, 17). Therefore, it is crucial to find effective biomarkers that can predict the efficacy of immunotherapy.

In this study, we investigated the expression and prognostic value of CKS1B in pancreatic cancer. Furthermore, the relationship between CKS1B and tumor immune microenvironment was also discussed. We hypothesized that knocking down CKS1B may suppress pancreatic cancer cell viability and migration by blocking PD‐L1 level. This study provides further insight into the function and detailed mechanism of CKS1B in pancreatic cancer and suggests that targeting CKS1B is a promising strategy for pancreatic cancer therapy.



Method


Pancreatic cancer dataset source and preprocessing

Public transcriptome and clinical data were acquired from The Cancer Genome Atlas (TCGA), Gene Expression Omnibus (GEO) and UCSC Xena Browser. RNA sequencing data (FPKM value) was retrieved for TCGA-PAAD, then converted into TPM values and log2 transformation was performed. We directly obtained the normalized matrix files for the GSE16515, GSE15471 and GSE62165 cohorts. Data on somatic mutation was also obtained from the TCGA database. The R language (version 4.1.2) was used to carry out all investigations.



Pathway enrichment and Gene Set Enrichment Analysis (GSEA)

Co-expressed genes with CKS1B were defined by Pearson correlation analysis with correlation coefficient > 0.6 and p< 0.001. The protein-protein interactions (PPI) of CKS1B co-expressed genes were analyzed by STRING database (18) and visualized with Cytoscape software v3.9.1 (19). The Molecular Complex Detection (MCODE) plugin of the Cytoscape app was used to identify the densely connected regions/clusters in the PPI network (20). The top three gene clusters of the interactive network were extracted according to their scores. The “clusterprofiler” program was adopted for executing the gene ontology (GO) and Kyoto encyclopedia of genes and genomes (KEGG) pathway analyses (21). Premised on median levels of CKS1B expression, samples were further separated into two groups. We subsequently conducted the GSEA (22). The cut-off criteria for GSEA was p <0.05.



Analysis of infiltration of immune cells

The corresponding infiltration status of 22 distinct immune cells in pancreatic cancer was assessed utilizing the ”CIBERSORT” software (23). Utilizing the ESTIMATE method, the stromal and immunological scores from each pancreatic cancer specimen were computed and analyzed.



Patients

We obtained 25 paired tumors and normal tissues from the tissue bank of PLA General Hospital, which were collected between March and November 2018. The samples were diagnosed as pancreatic ductal adenocarcinoma by two pathologists. Additionally, the Ethics Committee of PLA General Hospital approved this research. All patients recruited into this study provided a formal informed consent form before participating.



Tissue microarray and immunohistochemistry (IHC)

A pancreatic cancer tissue microarray (HPanA060CS02) that contained 37 cancer and 23 corresponding paracancerous tissues was acquired from Shanghai Outdo Biotech Company (Shanghai, China). IHC studies of CKS1B were performed on pancreatic cancer samples of tissue microarray. CKS1B antibody (DF3221, Affinity Biosciences) was used at a 1:500 dilution. IHC was performed according to the instructions. In brief, after dewaxing in xylene, rehydrating in alcohol, and blocking endogenous peroxidase activity, the tissue arrays were incubated overnight at 4°C with specific antibodies for CKS1B. After washing with PBS, the tissues were then incubated with a HRP-conjugated secondary antibody at 37°C for 40 min and 3,3’ -diaminobenzidine (DAB) for 5 min, then counterstained with hematoxylin for 30 s.



Cell culture and transfection

ATCC (Manassas, VA, USA) supplied the human pancreatic ductal epithelium cell line HPDE6-C7 as well as pancreatic cancer cell lines Capan-1, BxPC-3, MIA PaCa-2, SW1990, and PANC-1. We then cultured cells in either RPMI 1640 or DMEM supplemented with 10% fetal bovine serum (FBS), and placed them in a 37°C, 5% CO2 incubator. After reaching 30% confluence, transfection of SW1990 cell was done utilizing shCKS1B or shNC (designed and synthesized by Jintuosi (Wuhan) Biotechnology Co., Ltd) using the Lipofectamine 3000 (L3000015, Invitrogen) following the manufacturer. CKS1B shRNA target sequences were: shRNA1: 5′-GGTCCATTATATGATCCAT-3′; shRNA2: 5′-GATGGGTCCATTATATGAT-3′.



Reverse transcription-quantitative polymerase chain reaction (qRT‐PCR)

We undertook qRT-PCR to detect gene expression. Specifically, we isolated total RNA from cancer and normal samples utilizing TRIzol reagent (15596018, Ambion) and then converted it into cDNA using Eppendorf Mastercycler®. StepOnePlus Real-Time PCR System was utilized to execute qPCR premised on the primers listed in Table 1.


Table 1 | Primers used for qRT‐PCR analysis.





Western blot assay

After BCA protein quantification, protein samples were transferred onto the PVDF membrane by SDS-PAGE. Following the blocking of the membranes using 5% non-fat milk, a primary antibody against CKS1B (DF3221, Affinity Biosciences), PD-L1 (13684, Cell Signaling Technology), LC3B (83506, Cell Signaling Technology), phosphorylated STAT3 (9145, Cell Signaling Technology) and GAPDH (97166, Cell Signaling Technology) was utilized to incubate the membranes throughout the night at 4°C, followed by incubation with corresponding peroxidase-labeled secondary antibodies. Based on the electrochemical luminescence (ECL) color development kit, protein levels were determined using a chemiluminescence detection system.



CCK8 assay

Cell counting kit-8 (CCK-8) (E-CK-A362, Elabscience Biotechnology) was utilized to evaluate the proliferative capacity of cells. Cells were seeded into a 96-well plate, then 10 μL CCK-8 reagent was introduced into each well at different timepoint of 24 hours, 48 hours, 72 hours and incubated for 2 hours at 37°C. Following this, the absorbance at 450 nm was determined. The average OD values of three wells were calculated, and three repeated experiments were performed.



Clone formation experiment

Following the use of trypsin to digest the cells, they were resuspended and counted. Subsequently, the cell suspension was plated in a six-well plate with 2000 cells/well. This was followed by additional incubation of the cells in an incubator comprising 5% CO2 at 37°C. After a total of 7 days, we fixed the cells with methanol for 30 min before staining them with Giemsa for 20 min. Finally, rinse using tap water and photograph for counting.



Wound healing assay

Logarithmic growth cells were grown in a six-well plate with each well containing 5×105 cells. Once the cells had attached to the six-well plate in a single layer, the six-well plate was scratched vertically using a 200μl pipette tip. After cleaning and removing the suspension cells with PBS, incubation was then carried out with serum-free medium (SFM) at 37°C with 5% CO2. Three separate replications of the experiment were carried out, and images were taken using a microscope at 0 and 24 hours after the experiment began.



Transwell assay

After dilution to 2×105/ml with SFM, 200 μl cell suspension was introduced into the upper chamber, while 600 μl medium that contained 20% FBS was introduced into the bottom chamber. A cotton tip was used to remove the upper surface of the membrane, and Giemsa stain was introduced into the lower surface following 24 hours of incubation at 37°C. The Matrigel matrix (356234, Corning) was diluted to 200 μg/mL with SFM, and then each Transwell® insert was carefully filled with 100 μL of the diluted Matrigel matrix for invasion assays.



Statistical analysis

The Wilcoxon matched-pairs signed-rank test was utilized to evaluate the differences in CKS1B mRNA levels that existed between malignant and corresponding paracancerous samples. The analysis was executed utilizing GraphPad Prism 8.4.3, and the data were presented as mean ± standard deviation. Unless otherwise noted, all experiments were performed at least thrice. Univariate Cox regression and multivariate Cox regression analyses were employed in order to evaluate significant factors that contributed to an independent prognosisusing the “survival” R package. When P-value is less than 0.05, statistical significance is regarded to have been achieved.




Result


CKS1B is highly expressed and correlated with histological grade in pancreatic cancer

Based on information obtained from the TCGA database, the gene expression levels of CKS1B in various human cancers were compared with those found in normal tissues. A considerably elevated expression level of CKS1B mRNA was found in cancer tissues, including pancreatic cancer tissues (Figure 1A). The level of CKS1B expression was further validated using the Oncomine and GEO database, these findings illustrated that CKS1B was overexpressed in pancreatic cancer (Figure 1B; Supplementary Figures 1A–C). In addition, the findings from Clinical Proteomic Tumor Analysis Consortium (CPTAC) illustrated that the levels of CKS1B protein expression were elevated in pancreatic cancer contrast with normal samples (Figure 1C), revealing that the mRNA and protein expressions of CKS1B were comparable across multiple databases. Premised on the mean level of CKS1B expression, the patients were classified into low- and high CKS1B expression groups (Table 2), following which the relationship of CKS1B expression with clinical parameters was examined. CKS1B levels were substantially greater in G3-4 patients than that in G1-2 patients (Figure 1D). Additionally, high CKS1B expression was linked to higher histological grade in contrast with the low CKS1B expression (Figure 1E). Furthermore, we demonstrated differential expression of CKS1B in pancreatic cancer cells and tissues using qRT-PCR. According to the results, the CKS1B expression level was remarkably elevated in pancreatic cancer tissues (Figure 1F). Besides, we further determined the CKS1B expression in pancreatic cancer cell lines. Result illustrated that the CKS1B mRNA expression remarkably upregulated in pancreatic cancer cell lines in comparison to HPDE6-C7 (Figure 1G). The above results demonstrate that CKS1B is abnormally expressed in pancreatic cancer. In addition, IHC of tissue microarray also showed that CKS1B protein expression is higher in pancreatic cancer tissue (Supplementary Figure 2).




Figure 1 | CKS1B is highly expressed and correlated with histological grade in pancreatic cancer. (A) CKS1B expression in different cancer types from TCGA datasets. (B) The mRNA expression of CKS1B in pancreatic cancer tissues in the Oncomine database. (C) The protein level of CKS1B in pancreatic cancer analyzed by the CPTAC database. (D) The clinical characteristics difference between high CKS1B and low CKS1B group. (E) The expression of CKS1B in different histological grade. (F) mRNA expression of CKS1B in pancreatic cancer tissues. (G) mRNA expression of CKS1B in cell lines. (*P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.001).




Table 2 | The clinical characteristic between high CKS1B and low CKS1B group.





CKS1B indicates a dismal prognosis in pancreatic cancer

In the pan-cancer dataset, an investigation of the connection between the CKS1B expression and patients’ prognoses was carried out. OS and PFS were included as survival metrics. According to Cox regression analysis of 33 types of cancer, CKS1B expression was significantly associated with OS in 13 types of cancers, including UVM, DLBC, UCEC, THCA, PCPG, PAAD, MESO, LUAD, LIHC, LGG, KIRP, KICH, and ACC (Supplementary Figure 3A). Besides, we investigated the possible link between the CKS1B expression and PFS in pancreatic cancer patients. The CKS1B expression affected PFS in 8 kinds of cancers, including ACC, HNSC, UVM, PAAD, LGG, PRAD, KIRP, UCEC, LIHC, and KICH (Supplementary Figure 3B). Kaplan-Meier survival curves illustrated that upregulated CKS1B expression was remarkably linked to unfavorable PFS and OS in patients with PAAD (Supplementary Figures 3C, D). To assess the diagnostic significance of CKS1B, we additionally generated a receiver operating characteristic (ROC) curve for further analysis. The value of the area under the curve (AUC) for CKS1B levels was 0.988 (CI = 0.978-0.999), indicating a strong potential for diagnostic application (Supplementary Figure 3E).



CKS1B expression has independent prognostic value in pancreatic cancer

A strong connection between high CKS1B expression and poor overall survival was discovered utilizing univariate Cox regression analysis (HR = 1.683, 95% CI = 1.245-2.276, P < 0.001) (Figure 2A). Moreover, multivariable regression analysis further supported that CKS1B independently served as a prognostic indicator in pancreatic cancer patients (HR = 1.554, 95% CI = 1.122-2.152, P = 0.008) (Figure 2B). And the test of Schoenfeld residuals indicate that the assumption of proportional hazards was not violated (p=0.3229, Supplementary Figure 4). Next, we developed a nomogram using age, grade, and CKS1B expression levels to anticipate 1-, 3-, and 5-year survival in pancreatic cancer patients (Figure 2C). In terms of the calibration curve, the 1-, 3-, and 5-year clinical outcomes were accurately predicted by the nomogram (Figure 2D). Together, these data indicate that CKS1B serves as an important biomarker for pancreatic cancer patients in predicting their overall survival.




Figure 2 | The independent prognostic analysis and nomogram construction in pancreatic cancer. (A) Univariate Cox regression analysis for CKS1B and clinical characteristics. (B). Multivariate Cox regression analysis for CKS1B and clinical features. (C) The nomogram consists of age, grade, and CKS1B expression. (D) The calibration curve for evaluating model accuracy. (*P < 0.05).





CKS1B is involved in immune and autophagy regulation through GSEA analysis

We undertook KEGG pathway analysis and GSEA to determine the possible cellular processes that CKS1B involved in pancreatic cancer. Pearson correlation analysis was conducted to define CKS1B co-expressed genes. And 239 co-expressed genes were visualized by Cystoscope (Figure 3A), and the above genes were used for further enrichment analysis. CKS1B was enriched in the T cell receptor complex according to the result of GO enrichment analysis (Figure 3B). KEGG pathway analysis showed that CKS1B was related to the cell cycle, cellular senescence, DNA replication, p53 signaling pathway, etc. (Figure 3C). Furthermore, we analyzed the interaction of proteins corresponding to 239 CKS1B co-expressed genes using STRING database. The PPI network was performed by Cystoscope (Supplementary Figure 5A). The top three MCODE-generated clusters were exhibited in Supplementary Figures 5B–D based on the vertex weighting of the MCODE algorithm. Then KEGG enrichment analysis was also performed for genes in cluster 1, which was generally consistent with the analysis for all co-expressed genes (Supplementary Figure 5E). Besides, GSEA enrichment analysis also highlighted a substantial enrichment of autophagy regulation in the CKS1B high expression phenotype (Figure 3D), whereas the CKS1B low expression phenotype underwent a substantial enrichment in the T-cell receptor signaling pathway (Figure 3E).




Figure 3 | Co-expression network construction and enrichment analysis for CKS1B. (A) The co-expression network for 239 CKS1B co-expressed genes. (B) GO enrichment analysis for CKS1B based on CKS1B co-expressed genes. (C) KEGG pathway analysis for CKS1B based on CKS1B co-expressed genes. (D) GSEA enrichment analysis in high CKS1B group. (E) GSEA enrichment analysis in low CKS1B group.





CKS1B expression is related to the infiltration of immune cells in pancreatic cancer tissue

Afterward, we compared the immuneScore and the infiltration levels of immune cells between CKS1B high and low expression groups to examine the involvement of CKS1B in the pancreatic cancer immune microenvironment. The average immuneScore, stromalScore, and ESTIMATEScore were higher in the low CKS1B expression group (Figure 4A). And the abundance of infiltration of 22 different kinds of immune cells is displayed (Figure 4B). The high-CKS1B expression group had a higher abundance of M0 macrophages, and a lower abundance of CD4 memory-activated T cells, CD8 T cells, and monocytes than that low-CKS1B expression group. Our study analyzed the relationship between CKS1B somatic copy number alterations and immune cell infiltration in pancreatic cancer samples using TIMER. Our data indicated that CKS1B somatic copy number alterations were substantially linked to the infiltration degree of neutrophils, CD4+ T cells, macrophages, B cells, and CD8+ T cells (Figure 4C). Additionally, infiltration levels were highest in diploid/normal samples. Furthermore, immunocell correlation analysis illustrated a positive link between CKS1B and M0 macrophages and follicular helper T cells, but an inverse link to naive B cells, CD4 memory-resting T cells, CD4 memory-activated T cells, CD8 T cells, and monocytes (Figure 5A). In addition, an investigation of the connection between the expression of CKS1B and immune checkpoints was carried out. Furthermore, we discovered a positive link between PD-L1 expression and CKS1B levels (P=0.017) (Figure 5B), which was also verified in GSE16515, GSE15471 and GSE62165 cohorts (Supplementary Figures 6A–C). Subsequently, the genetic alteration in CKS1B was studied in 149 pancreatic cancer samples (TCGA, Firehose Legacy). It was found that the CKS1B genetic alteration occurred 4% across 149 pancreatic cancer patients (Figure 5C). The type of mutation most commonly occurred among them was amplification. Additionally, the reverse-phase protein arrays (RPPA) identified the CKS1B protein was frequently expressed in pancreatic cancer tissues.




Figure 4 | CKS1B expression is associated with immune cell infiltration in pancreatic cancer. (A) The immuneScore, stromalScore, and ESTIMATEScore between high and low CKS1B group. (B) The level of immune cell infiltration between the groups with high and low CKS1B expression. (C) The correlation of CKS1B somatic copy number alterations with immune cell infiltration. (*P<0.05,**P<0.01,***P<0.001).






Figure 5 | The expression of CKS1B correlates with immune checkpoint in pancreatic cancer. (A) The correlation of CKS1B expression with immune cells. (B) The relationship between CKS1B expression and immune checkpoints. (C) The genetic alteration of CKS1B.





CKS1B expression is correlated with microsatellite instability (MSI), tumor mutational burden (TMB), and neoantigen

To gain a deeper comprehension of the function performed by CKS1B in the tumor microenvironment (TME), the link between CKS1B expression and TMB, MSI, and neoantigens was investigated. There is mounting evidence that neoantigens, MSI, and TMB in TME are linked to antitumor immunity, which may anticipate the effectiveness of tumor immunotherapy (24). According to our results, CKS1B expression exhibited significant positive correlations with TMB in STAD, LUAD, SARC, LGG, HNSC, LUSC, BRCA, PAAD, BLCA, and ACC, and negative relations in THYM (Supplementary Figure 7A). Positive links were discovered between MSI and CKS1B expression in HNSC, LIHC, SARC, BLCA, and STAD and negtive links in PRAD (Supplementary Figure 7B). We further observed a positive link between CKS1B expression and neoantigens in BLCA, BRCA, LUAD, and LUSC (Supplementary Figure 7C). It could be summarized that CKS1B was significantly positively linked to TMB in pancreatic cancer (R=0.49, P=1.4e-10) (Supplementary Figure 7D), which confirmed our hypothesis that CKS1B may exert anti-tumor immunity by influencing immune microenvironment. Next, with the TISIDB website, the role of CKS1B expression in pancreatic cancer subtypes was explored. It has been reported that immune types can be classified into six categories: wound healing (C1), IFN-γ dominant (C2), inflammatory (C3), lymphocyte depleted (C4), immunologically quiet (C5), and TGF-β dominant (C6) (25). These findings illustrated that the levels of CKS1B expression in distinct immune subtypes of PAAD were significantly different (Figure 6A). Additionally, CKS1B was discovered to be expressed at a high level in C2 subtypes and lowly expressed in C3 subtypes. According to the pRRophetic algorithm, three common chemotherapeutic agents (gemcitabine, 5-fluorouracil, and paclitaxel) were studied in high CKS1B and low CKS1B patients and found that these drugs had lower IC50 in high CKS1B patients (Figures 6B–D). It followed that these three drugs appeared to be more sensitive to patients with high levels of CKS1B. Additionally, KRAS and TP53 mutation status differed considerably in the low- and high-CKS1B groups (Figures 6E, F).




Figure 6 | The chemotherapy sensitivity difference between high and low CKS1B group. (A) The relationship between CKS1B expression and pancreatic cancer immune subtypes. (B–D) The IC50 of common chemotherapeutic agents in high CKS1B and low CKS1B patients (gemcitabine, 5-fluorouracil, and paclitaxel). (E, F) KRAS and TP53 mutation status in the high and low CKS1B groups. (*P < 0.05, ****P < 0.0001).





CKS1B is positively associated with efficacy of immunotherapy in pancreatic cancer

To better elucidate the value of CKS1B in predicting immunotherapy response, we analyzed the tumor immune dysfunction and exclusion (TIDE) score in PAAD patients of TCGA. The results showed that the TIDE score was lower in the high CKS1B group (Figure 7A). In addition, the IMvigor210 cohort including 348 urothelial carcinoma patients who received immunotherapy were enrolled for analysis. We found that the responder group was positively associated with CKS1B expression, indicating that patients in the high CKS1B group had a better response to immunotherapy (Figure 7B). The immunological score could predict the anti-CTLA-4 and anti-PD-1 antibody response, which can identify determinants of tumor immunogenicity. Subsequently, we investigated this correlation of immunophenoscore in the TCGA-PAAD cohort and found that risk groups in IPS- PD1 and IPS-PD1-CTLA4 blocker scores had no significant difference in immunophenoscore. Whileas, IPS and IPS-CTLA4 were higher in the high-risk group suggesting better immunotherapeutic benefits (Figures 7C–F).




Figure 7 | CKS1B is positively associated with efficacy of immunotherapy in pancreatic cancer. (A) The TIDE score in high CKS1B and low CKS1B groups. (B) The comparison of beneficiaries from immunotherapy between the high- and low-CKS1B group. (C–F) Correlation analysis between immunophenoscore of anti-CTLA-4 and anti-PD-1 blocker and CKS1B eexpression. (***P<0.001).





Knocking down CKS1B inhibits autophagy and STAT3/PD-L1 signaling in PC cells

To attain more insights into the function performed by CKS1B in the progression of pancratic cancer, CKS1B was silenced in SW1990 cells by transfecting them with shCKS1B plasmids (Figures 8A, B). As mentioned above, we found that CKS1B was involved in the regulation of autophagy by GSEA analysis, so we further detected whether the autophagy level of pancreatic cancer cells changed after CKS1B knockdown by western blotting. LC3B, which is a widely used marker of autophagy, was investigated in the presence of CKS1B depletion in our research. The result showed that CKS1B knockdown cells had significant reductions in LC3-II (Figure 8D), which demonstrated that CKS1B was associated with autophagic activity in pancreatic cancer. In view of the important role of CKS1B in pancreatic cancer immunotherapy, we further explored the association between CKS1B and PD-L1 and its possible regulatory mechanism in pancreatic cancer cell lines. First, qRT-PCR analysis was utilized to evaluate the PD-L1 expression after CKS1B knockdown, and the findings illustrated that PD-L1 expression was attenuated substantially following CKS1B depletion (Figure 8C). Subsequently, PD-L1 and p-STAT3 expression were measured in SW1990 cells with suppressed CKS1B by western blotting. It was observed that CKS1B knockdown remarkably lowered the levels of PD-L1 and p-STAT3 proteins (Figure 8E), implying that CKS1B affects PC cell function by modulating STAT3/PD-L1 signaling.




Figure 8 | Knocking down CKS1B inhibits autophagy and STAT3/PD-L1 signaling in PC cells. (A, B) mRNA and protein expression of CKS1B in cells transfected with shCKS1B. (C) mRNA expression of PD-L1 was measured by qRT-PCR. (D) Protein levels of LC3B were measured by Western blotting. (E) Protein levels of p-STAT3 and PD-L1 were measured by western blotting. (***P<0.001,****P<0.0001).





CKS1B knockdown inhibits the proliferation of pancreatic cancer cells

According to the above qRT-PCR result, we found that knockdown efficiency was 66.5% for cells treated with shCKS1B#1 and 95.1% for cells treated with shCKS1B#2. Therefore, we selected the group with higher knockdown efficiency for subsequent experiments. Upon successful shCKS1B transfection, the CCK8 assay demonstrated that cell viability was drastically reduced (Figure 9A). Our results showed that the blocking of CKS1B could significantly reduce colony formation compared with the control group (Figure 9B). These findings provided evidence that CKS1B is responsible for promoting the proliferative potential of pancratic cancer cells.




Figure 9 | CKS1B promotes cell proliferation, migration and invasion in pancreatic cancer. (A, B) Cell viability of different groups of cells was measured by CCK8 assay (A) and colony formation assay (B). (C, D) Cell migration ability of different groups of cells was detected by transwell assay (C) and wound healing assays (D). (E) Cell invasion ability of different groups of cells was detected by transwell assay. (*P<0.05,**P<0.01,***P<0.001).





Knockdown of CKS1B inhibits migratory and invasive capabilities of pancreatic cancer cells

Transwell migration assays and wound healing assays were performed to assess the effect of CKS1B on the migratory capacity of pancreatic cancer cells. The results showed that the migration rate of SW1990 cells transfected with shCKS1B was significantly lower than that of control cells (Figure 9C). And wound healing assays illustrated that the migratory rate of SW1990 cells with shCKS1B transfection was 13.09 ± 0.37%, lower than that control group 31.32 ± 0.66%, which implied that CKS1B enhanced the migratory capacity of pancreatic cancer cells (Figure 9D). As demonstrated by transwell invasion assays, the invasiveness of SW1990 cells infected with shCKS1B was also reduced considerably in contrast with the control group (Figure 9E).




Discussion

Pancreatic cancer is a kind of malignant neoplasm that leads to a poor prognosis and present no sign in its early stages (26). By the year 2030, it is anticipated that pancreatic cancer will become the second major contributor to cancer-associated fatalities in the United States (27). Despite many advances in pancreatic cancer research in recent years, the 5-year survival rate remains below 10% (28). Thus, there is an urgent need to find new therapeutic approaches to improve the long-term survival of patients with pancreatic cancer. Immunotherapy, represented by immune checkpoint inhibitors, as a new antitumor therapy, has shown good therapeutic effect in non-small cell lung cancer, melanoma, lymphoma and other malignant tumors (29–31). However, clinical data showed that single immune checkpoint inhibitors have limited therapeutic effect on pancreatic cancer, which may be related to its unique tumor microenvironment (32–34). Therefore, it is particularly important to find markers that could predict the effect of immunotherapy for pancreatic cancer.

Several researches have illustrated that CKS1B performs a function in cancer progression. It was reported that CKS1B expression could be suppressed by miR-1258, inhibiting colorectal cancer proliferation and migration (35). Besides, silencing CKS1B could limit the capacity of retinoblastoma (RB) cells proliferation, and migration, as well as angiogenesis by inhibiting MEK/ERK activation (36). In addition, CKS1B is considered a predictor of adverse survival in patients with multiple myeloma (37). Furthermore, CKS1B has been reported to be a resistance-inducing gene. At present, the research on CKS1B targeted therapy is also in full swing. Studies have shown that miR-204 can down-regulate the expression of CKS1B in gastric cancer (38). Other experiments showed that CKS1B expression was positively regulated by MALAT1, which provided a new adjunct strategy for improving the efficacy of radiotherapy in ESCC (39). Additionally, it was also found that 3-O-(Z)-coumaroyloleanolic acid, a candidate compound for targeting CKS1B, can reverse CKS1B-induced chemoresistance in lung cancer (40). Consistent with previous studies, we found that CKS1B was highly expressed in multiple cancers including pancreatic cancer, which was confirmed in the Oncomine and CPTAC databases. Besides, qRT-PCR also substantiated that CKS1B was upregulated in pancreatic cancer cells and tissues. Furthermore, CKS1B was substantially linked to histological grading in pancreatic cancer. Additional research was conducted to investigate the predictive performance of CKS1B. Results from the Kaplan-Meier survival analysis were consistent with those of the univariate Cox analysis, which illustrated that CKS1B expression is substantially linked to OS and PFS in pancreatic cancer. Furthermore, as an independent prognostic factor, CKS1B was incorporated into a nomogram that can accurately anticipate patients’ OS over 1, 3, and 5 years.

Tumor immune microenvironment (TIME) has been proven to play a significant role in pancreatic cancer development (41, 42). In pancreatic cancer immune microenvironment, anti-tumor immune cells such as CD4+/CD8+ T cells, NK cells and DCs are less, while immune-suppressive cells such as Tregs, MDSCs and TAMs are abundant. The immunosuppressive tumor microenvironment in pancreatic cancer suppresses the anti-tumor immune response and cause immune escape, thus affecting the effect of immunotherapy for pancreatic cancer (43). In our research, we observed that the T cell receptor signaling pathway was substantially enriched in the low-CKS1B group, which showed that CKS1B may contribute to immune regulation. In addition, we also found that immuneScore, stromalScore, and ESTIMATEScore were lower in the high-CKS1B expression group, which indicated that high-CKS1B expression group may be under an immunosuppressed state. Studies have shown that tumor-infiltrating immune cells is closely related to tumor progression and prognosis (44). Additionally, CD4+ T cells have synergistic effects with cytotoxic CD8+ T cells, which could activate antitumor immune responses (45, 46). It was also found that high levels of M2 macrophages and Treg cells in tumor-infiltrating cells were significantly associated with poorer survival, while high levels of CD4+ T, CD8+ T and M1 macrophages were significantly associated with higher survival rate in pancreatic cancer patients (47, 48). In our study, we found that high-CKS1B expression group had a higher abundance of M0 macrophages, and a decreased abundance of CD4 memory-activated T cells, monocytes, and CD8 T cells compared to the low CKS1B expression group. These results indicate that the tumor microenvironment with high CKS1B expression exhibited highly immunosuppressive characteristic, which provided a microenvironment condition for CKS1B to promote tumor development, invasion and metastasis. And the two interact to jointly maintain the malignant progression of pancreatic cancer. In addition, the relationships between the CKS1B expression and immune checkpoints were further investigated. We discovered a positive link between PD-L1 expression and CKS1B levels. What’s more, we evaluated the connections between CKS1B expression and neoantigens, MSI, and TMB, which may anticipate the treatment effectiveness of tumor immunotherapy. The result illustrated that CKS1B was significantly positively linked to TMB in PC. The above results showed high CKS1B patients were much more likely to benefit from anti-PD-L1 treatment.

Recently, targeted autophagy has emerged as a new approach to cancer therapy (49). Similarly, studies have shown that autophagy contributes to the onset and advancement of pancreatic cancer (50, 51). In addition, autophagy has also been associated with chemotherapy resistance of pancreatic cancer cells (52). In our research, further GSEA analysis showed that CKS1B was involved in the regulation of autophagy, which was further verified by western blotting. The result showed that LC3-II levels were remarkably lowered following the CKS1B knockdown. Furthermore, qRT-PCR analysis illustrated a considerable decrease in PD-L1 expression following the knockdown of CKS1B. However, it is unclear how CKS1B regulates PD-L1. Studies have shown that STAT3 is an upstream molecular of PD-L1 (53). Many studies have reported that CKS1B may modulate STAT3 signaling. Generally, the CKS1B/STAT3 axis contributes to the development of cancer. A previous research report conducted by Liu et al. illustrated that CKS1B contributes to HCC cell proliferation and metastasis by stimulating the JAK/STAT3 signaling (54). Another study highlighted that the drug resistance of myeloma cells may be induced through the stimulation of the STAT3 signaling by CKS1B (55). In addition, CKS1B/STAT3/PD-L1 axis has also been reported in several studies. A study by Wang et al. demonstrated that CKS1B overexpression may increase PTC viability and invasiveness by altering Akt phosphorylation and STAT3/PD-L1 signaling pathways (56). Another study also showed that PD-L1 expression may be enhanced by CKS1B/STAT3 axis, further promoting lung cancer development (57). In the present study, CKS1B was also observed to favorably modulate STAT3/PD-L1 signaling in PC cells, and blocking CKS1B might inhibit the development of PC via STAT3/PD-L1 signaling.



Conclusion

In conclusion, we first used public databases to examine the differential expression and prognostic significance of CKS1B in pancreatic cancer. Then, further analysis showed that CKS1B was significantly associated with immune infiltration and could predict the immunotherapy effect for pancreatic cancer. Finally, we demonstrated that knocking down CKS1B may suppress PC cells’ viability and migratory capacities by suppressing autophagy and STAT3/PD-L1 signaling. These results offer a deeper knowledge of the function performed by CSK1B/STAT3/PD-L1 in PC advancement. Nevertheless, our study does have some limitations. Firstly, how CKS1B regulates autophagy remains unclear, although STAT3 has also been reported to be involved in autophagy. Secondly, it is not known if other signaling pathways play a role in this process. In addition, the function of CKS1B in vivo needs to be investigated in further study.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving human participants were reviewed and approved by the Ethics Committee of PLA General Hospital. The patients/participants provided their written informed consent to participate in this study.



Author contributions

LL, JW, and ZZ contributed equally to this work, and were considered as the co-first author. LL participated in design and conception of this study. JW performed part of the experiment. ZZ downloaded the data form corresponding database. QY and ZD was responsible for sample collection and processing. WZ and XG performed the bioinformatics analysis in software. KP and CL were responsible for experimental guidance. All author participated in writing the manuscript. RL proposed the conception and revised the manuscript. All authors read and approved the final manuscript.



Acknowledgments

We acknowledge TCGA and GEO databases for providing their platforms and contributors for uploading their meaningful datasets.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2022.1052768/full#supplementary-material



Abbreviations

PC, Pancreatic cancer; CKS1B, CDC28 protein kinase regulatory subunit 1B; TCGA, the Cancer Genome Atlas; CPTAC, the Clinical Proteomic Tumor Analysis Consortium; STAT3, Signal transducer and activator of transcription 3; IHC, immunohistochemistry; GO, Gene ontology; KEGG, Kyoto encyclopedia of genes and genomes; TMB, Tumor mutation burden; MSI, Microsatellite instability; GSEA, Gene set enrichment analysis; TME, Tumor microenvironment; ROC, Receiver operating characteristic; TIDE, Tumor immune dysfunction and exclusion; TIME, Tumor immune microenvironment.



References

1. Vincent, A, Herman, J, Schulick, R, Hruban, RH, and Goggins, M. Pancreatic cancer. LANCET (2011) 378:607–20. doi: 10.1016/S0140-6736(10)62307-0

2. Connor, AA, and Gallinger, S. Pancreatic cancer evolution and heterogeneity: integrating omics and clinical data. Nat Rev Cancer (2022) 22:131–42. doi: 10.1038/s41568-021-00418-1

3. Krishnan, A, Nair, SA, and Pillai, MR. Loss of cks1 homeostasis deregulates cell division cycle. J Cell Mol Med (2010) 14:154–64. doi: 10.1111/j.1582-4934.2009.00698.x

4. Slotky, M, Shapira, M, Ben-Izhak, O, Linn, S, Futerman, B, Tsalic, M, et al. The expression of the ubiquitin ligase subunit Cks1 in human breast cancer. Breast Cancer Res (2005) 7:R737–44. doi: 10.1186/bcr1278

5. Zolota, VG, Tzelepi, VN, Leotsinidis, M, Zili, PE, Panagopoulos, ND, Dougenis, D, et al. Histologic-type specific role of cell cycle regulators in non-small cell lung carcinoma. J Surg Res (2010) 164:256–65. doi: 10.1016/j.jss.2009.03.035

6. Wang, X, Tao, G, Huang, D, Liang, S, and Zheng, D. Circular RNA NOX4 promotes the development of colorectal cancer via the microRNA4855p/CKS1B axis. Oncol Rep (2020) 44:2009–20. doi: 10.3892/or.2020.7758

7. Deng, T, Liu, Y, Yang, Y, Yuan, L, Liu, F, Wang, X, et al. Regulation of microRNA miR-197-3p/CDC28 protein kinase regulatory subunit 1B (CKS1B) axis by circular RNA hsa_circ_0000285 promotes glioma progression. Bioengineered (2022) 13:4757–72. doi: 10.1080/21655979.2022.2031673

8. Zhang, Y, Chen, Y, You, F, Li, W, Lang, Z, and Zou, Z. Prognostic and clinicopathological significance of Cks1 in cancer: Evidence from a meta-analysis. J Cell Physiol (2019) 234:13423–30. doi: 10.1002/jcp.28021

9. Shi, W, Huang, Q, Xie, J, Wang, H, Yu, X, and Zhou, Y. CKS1B as drug resistance-inducing gene-a potential target to improve cancer therapy. Front Oncol (2020) 10:582451. doi: 10.3389/fonc.2020.582451

10. Cha, JH, Chan, LC, Li, CW, Hsu, JL, and Hung, MC. Mechanisms controlling PD-L1 expression in cancer. Mol Cell (2019) 76:359–70. doi: 10.1016/j.molcel.2019.09.030

11. Patel, SP, and Kurzrock, R. PD-L1 expression as a predictive biomarker in cancer immunotherapy. Mol Cancer Ther (2015) 14:847–56. doi: 10.1158/1535-7163.MCT-14-0983

12. Birnbaum, DJ, Finetti, P, Lopresti, A, Gilabert, M, Poizat, F, Turrini, O, et al. Prognostic value of PDL1 expression in pancreatic cancer. Oncotarget (2016) 7:71198–210. doi: 10.18632/oncotarget.11685

13. Tsukamoto, M, Imai, K, Ishimoto, T, Komohara, Y, Yamashita, YI, Nakagawa, S, et al. PD-L1 expression enhancement by infiltrating macrophage-derived tumor necrosis factor-alpha leads to poor pancreatic cancer prognosis. Cancer Sci (2019) 110:310–20. doi: 10.1111/cas.13874

14. Imai, D, Yoshizumi, T, Okano, S, Itoh, S, Ikegami, T, Harada, N, et al. IFN-gamma promotes epithelial-mesenchymal transition and the expression of PD-L1 in pancreatic cancer. J Surg Res (2019) 240:115–23. doi: 10.1016/j.jss.2019.02.038

15. Foley, K, Kim, V, Jaffee, E, and Zheng, L. Current progress in immunotherapy for pancreatic cancer. Cancer Lett (2016) 381:244–51. doi: 10.1016/j.canlet.2015.12.020

16. Herbst, RS, Soria, JC, Kowanetz, M, Fine, GD, Hamid, O, Gordon, MS, et al. Predictive correlates of response to the anti-PD-L1 antibody MPDL3280A in cancer patients. NATURE (2014) 515:563–7. doi: 10.1038/nature14011

17. Brahmer, JR, Tykodi, SS, Chow, LQ, Hwu, WJ, Topalian, SL, Hwu, P, et al. Safety and activity of anti-PD-L1 antibody in patients with advanced cancer. N Engl J Med (2012) 366:2455–65. doi: 10.1056/NEJMoa1200694

18. Szklarczyk, D, Franceschini, A, Wyder, S, Forslund, K, Heller, D, Huerta-Cepas, J, et al. STRING v10: protein-protein interaction networks, integrated over the tree of life. Nucleic Acids Res (2015) 43:D447–52. doi: 10.1093/nar/gku1003

19. Shannon, P, Markiel, A, Ozier, O, Baliga, NS, Wang, JT, Ramage, D, et al. Cytoscape: a software environment for integrated models of biomolecular interaction networks. Genome Res (2003) 13:2498–504. doi: 10.1101/gr.1239303

20. Bader, GD, and Hogue, CW. An automated method for finding molecular complexes in large protein interaction networks. BMC Bioinf (2003) 4:2. doi: 10.1186/1471-2105-4-2

21. Yu, G, Wang, LG, Han, Y, and He, QY. clusterProfiler: an r package for comparing biological themes among gene clusters. Omics (2012) 16:284–7. doi: 10.1089/omi.2011.0118

22. Subramanian, A, Tamayo, P, Mootha, VK, Mukherjee, S, Ebert, BL, Gillette, MA, et al. Gene set enrichment analysis: a knowledge-based approach for interpreting genome-wide expression profiles. Proc Natl Acad Sci U.S.A. (2005) 102:15545–50. doi: 10.1073/pnas.0506580102

23. Newman, AM, Liu, CL, Green, MR, Gentles, AJ, Feng, W, Xu, Y, et al. Robust enumeration of cell subsets from tissue expression profiles. Nat Methods (2015) 12:453–7. doi: 10.1038/nmeth.3337

24. Hu, J, Qiu, D, Yu, A, Hu, J, Deng, H, Li, H, et al. YTHDF1 is a potential pan-cancer biomarker for prognosis and immunotherapy. Front Oncol (2021) 11:607224. doi: 10.3389/fonc.2021.607224

25. Thorsson, V, Gibbs, DL, Brown, SD, Wolf, D, Bortone, DS, Ou, YT, et al. The immune landscape of cancer. Immunity (2018) 48:812–30. doi: 10.1016/j.immuni.2018.03.023

26. Pereira, SP, Oldfield, L, Ney, A, Hart, PA, Keane, MG, Pandol, SJ, et al. Early detection of pancreatic cancer. Lancet Gastroenterol Hepatol (2020) 5:698–710. doi: 10.1016/S2468-1253(19)30416-9

27. Siegel, RL, Miller, KD, Fuchs, HE, and Jemal, A. Cancer statistics, 2021. CA Cancer J Clin (2021) 71:7–33. doi: 10.3322/caac.21654

28. Allemani, C, Matsuda, T, Di Carlo, V, Harewood, R, Matz, M, Niksic, M, et al. Global surveillance of trends in cancer survival 2000-14 (CONCORD-3): analysis of individual records for 37 513 025 patients diagnosed with one of 18 cancers from 322 population-based registries in 71 countries. Lancet (2018) 391:1023–75. doi: 10.1016/S0140-6736(17)33326-3

29. Willsmore, ZN, Coumbe, B, Crescioli, S, Reci, S, Gupta, A, Harris, RJ, et al. Combined anti-PD-1 and anti-CTLA-4 checkpoint blockade: Treatment of melanoma and immune mechanisms of action. Eur J Immunol (2021) 51:544–56. doi: 10.1002/eji.202048747

30. Kuzume, A, Chi, S, Yamauchi, N, and Minami, Y. Immune-checkpoint blockade therapy in lymphoma. Int J Mol Sci (2020) 21:5456. doi: 10.3390/ijms21155456

31. Suresh, K, Naidoo, J, Lin, CT, and Danoff, S. Immune checkpoint immunotherapy for non-small cell lung cancer: Benefits and pulmonary toxicities. Chest (2018) 154:1416–23. doi: 10.1016/j.chest.2018.08.1048

32. Henriksen, A, Dyhl-Polk, A, Chen, I, and Nielsen, D. Checkpoint inhibitors in pancreatic cancer. Cancer Treat Rev (2019) 78:17–30. doi: 10.1016/j.ctrv.2019.06.005

33. Hingorani, SR, Zheng, L, Bullock, AJ, Seery, TE, Harris, WP, Sigal, DS, et al. HALO 202: Randomized phase II study of PEGPH20 plus nab-Paclitaxel/Gemcitabine versus nab-Paclitaxel/Gemcitabine in patients with untreated, metastatic pancreatic ductal adenocarcinoma. J Clin Oncol (2018) 36:359–66. doi: 10.1200/JCO.2017.74.9564

34. Balachandran, VP, Luksza, M, Zhao, JN, Makarov, V, Moral, JA, Remark, R, et al. Identification of unique neoantigen qualities in long-term survivors of pancreatic cancer. Nature (2017) 551:512–6. doi: 10.1038/nature24462

35. Hwang, JS, Jeong, EJ, Choi, J, Lee, YJ, Jung, E, Kim, SK, et al. MicroRNA-1258 inhibits the proliferation and migration of human colorectal cancer cells through suppressing CKS1B expression. Genes (Basel) (2019) 10:912. doi: 10.3390/genes10110912

36. Zeng, Z, Gao, ZL, Zhang, ZP, Jiang, HB, Yang, CQ, Yang, J, et al. Downregulation of CKS1B restrains the proliferation, migration, invasion and angiogenesis of retinoblastoma cells through the MEK/ERK signaling pathway. Int J Mol Med (2019) 44:103–14. doi: 10.3892/ijmm.2019.4183

37. Chang, H, Jiang, N, Jiang, H, Saha, MN, Qi, C, Xu, W, et al. CKS1B nuclear expression is inversely correlated with p27Kip1 expression and is predictive of an adverse survival in patients with multiple myeloma. Haematologica (2010) 95:1542–7. doi: 10.3324/haematol.2010.022210

38. Shrestha, S, Yang, CD, Hong, HC, Chou, CH, Tai, CS, Chiew, MY, et al. Integrated MicroRNA-mRNA analysis reveals miR-204 inhibits cell proliferation in gastric cancer by targeting CKS1B, CXCL1 and GPRC5A. Int J Mol Sci (2017) 19:87. doi: 10.3390/ijms19010087

39. Li, Z, Zhou, Y, Tu, B, Bu, Y, Liu, A, and Kong, J. Long noncoding RNA MALAT1 affects the efficacy of radiotherapy for esophageal squamous cell carcinoma by regulating Cks1 expression. J Oral Pathol Med (2017) 46:583–90. doi: 10.1111/jop.12538

40. Wang, H, Sun, M, Guo, J, Ma, L, Jiang, H, Gu, L, et al. 3-O-(Z)-coumaroyloleanolic acid overcomes Cks1b-induced chemoresistance in lung cancer by inhibiting Hsp90 and MEK pathways. Biochem Pharmacol (2017) 135:35–49. doi: 10.1016/j.bcp.2017.03.007

41. Ligorio, M, Sil, S, Malagon-Lopez, J, Nieman, LT, Misale, S, Di Pilato, M, et al. Stromal microenvironment shapes the intratumoral architecture of pancreatic cancer. Cell (2019) 178:160–75. doi: 10.1016/j.cell.2019.05.012

42. Farajzadeh, VS, Keshavarz-Fathi, M, Silvestris, N, Argentiero, A, and Rezaei, N. The role of inflammatory cytokines and tumor associated macrophages (TAMs) in microenvironment of pancreatic cancer. Cytokine Growth Factor Rev (2018) 39:46–61. doi: 10.1016/j.cytogfr.2018.01.007

43. Morrison, AH, Byrne, KT, and Vonderheide, RH. Immunotherapy and prevention of pancreatic cancer. Trends Cancer (2018) 4:418–28. doi: 10.1016/j.trecan.2018.04.001

44. Padoan, A, Plebani, M, and Basso, D. Inflammation and pancreatic cancer: Focus on metabolism, cytokines, and immunity. Int J Mol Sci (2019) 20:676. doi: 10.3390/ijms20030676

45. Di Pilato, M, Kfuri-Rubens, R, Pruessmann, JN, Ozga, AJ, Messemaker, M, Cadilha, BL, et al. CXCR6 positions cytotoxic T cells to receive critical survival signals in the tumor microenvironment. Cell (2021) 184:4512–30. doi: 10.1016/j.cell.2021.07.015

46. Oh, DY, Kwek, SS, Raju, SS, Li, T, McCarthy, E, Chow, E, et al. Intratumoral CD4(+) T cells mediate anti-tumor cytotoxicity in human bladder cancer. Cell (2020) 181:1612–25. doi: 10.1016/j.cell.2020.05.017

47. Zhang, A, Qian, Y, Ye, Z, Chen, H, Xie, H, Zhou, L, et al. Cancer-associated fibroblasts promote M2 polarization of macrophages in pancreatic ductal adenocarcinoma. Cancer Med (2017) 6:463–70. doi: 10.1002/cam4.993

48. Fukunaga, A, Miyamoto, M, Cho, Y, Murakami, S, Kawarada, Y, Oshikiri, T, et al. CD8+ tumor-infiltrating lymphocytes together with CD4+ tumor-infiltrating lymphocytes and dendritic cells improve the prognosis of patients with pancreatic adenocarcinoma. Pancreas (2004) 28:e26–31. doi: 10.1097/00006676-200401000-00023

49. Levy, J, Towers, CG, and Thorburn, A. Targeting autophagy in cancer. Nat Rev Cancer (2017) 17:528–42. doi: 10.1038/nrc.2017.53

50. Yang, A, Herter-Sprie, G, Zhang, H, Lin, EY, Biancur, D, Wang, X, et al. Autophagy sustains pancreatic cancer growth through both cell-autonomous and nonautonomous mechanisms. Cancer Discovery (2018) 8:276–87. doi: 10.1158/2159-8290.CD-17-0952

51. Iovanna, JL. [Autophagy contributes to the initiation of pancreatic cancer]. Med Sci (Paris) (2017) 33:335–9. doi: 10.1051/medsci/20173303022

52. Zhou, C, Yi, C, Yi, Y, Qin, W, Yan, Y, Dong, X, et al. LncRNA PVT1 promotes gemcitabine resistance of pancreatic cancer via activating wnt/beta-catenin and autophagy pathway through modulating the miR-619-5p/Pygo2 and miR-619-5p/ATG14 axes. Mol Cancer (2020) 19:118. doi: 10.1186/s12943-020-01237-y

53. Wolfle, SJ, Strebovsky, J, Bartz, H, Sahr, A, Arnold, C, Kaiser, C, et al. PD-L1 expression on tolerogenic APCs is controlled by STAT-3. Eur J Immunol (2011) 41:413–24. doi: 10.1002/eji.201040979

54. Liu, X, and Zhao, D. CKS1B promotes the progression of hepatocellular carcinoma by activating JAK/STAT3 signal pathway. Anim Cells Syst (Seoul) (2021) 25:227–34. doi: 10.1080/19768354.2021.1953142

55. Shi, L, Wang, S, Zangari, M, Xu, H, Cao, TM, Xu, C, et al. Over-expression of CKS1B activates both MEK/ERK and JAK/STAT3 signaling pathways and promotes myeloma cell drug-resistance. Oncotarget (2010) 1:22–33. doi: 10.18632/oncotarget.105

56. Wang, H, Zhang, Z, Yan, Z, and Ma, S. CKS1B promotes cell proliferation and invasion by activating STAT3/PD-L1 and phosphorylation of akt signaling in papillary thyroid carcinoma. J Clin Lab Anal (2021) 35:e23565. doi: 10.1002/jcla.23565

57. Fujita, Y, Yagishita, S, Hagiwara, K, Yoshioka, Y, Kosaka, N, Takeshita, F, et al. The clinical relevance of the miR-197/CKS1B/STAT3-mediated PD-L1 network in chemoresistant non-small-cell lung cancer. Mol Ther (2015) 23:717–27. doi: 10.1038/mt.2015.10



Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Li, Wang, Zhang, Yang, Deng, Zou, Ge, Pan, Li and Liu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu-13-1052768-g006.jpg
>

PAAD :: CKS1B_exp

Pv=1.3e-07
n=C157,C232,C340,C41,C6 21
S7
[+
& 61
=
S
= 5 -
S
34
43
3
X3
C1 C2 C3 cCa cs
Subtype
B

Gemeitabine ICS0.

wileox tests p=3.9¢-06.

cxsin
& high
B3 low

C  wilcoxtests p=0.013

D

Pactiasel €50

igh

wileox tests p=9.2¢-09

& high
S low

1.00:

0.75

0.75
2

0.50
&

0.25

High CKSIB

Low CKS1B

High CKSIB

Low CKSIB

chisq.test
p=0.0013

Groups

B Mutant type
B wild type

chisq.test
p=00015

Groups

B Mutant type
B wild type





OEBPS/Images/fimmu-13-1052768-g001.jpg
Type E3 Nomal E3 Tomer
e A Fold Change: 2.772

(9]
o

P-value: 4.30e-10

e : : . o 3. P=248e-10
o 1 Z o5 . p— @
. - 5 60 2 =
_ 2 ss5 g"
S o 50 e
¢ .. oot ||l T s 31 s
g . i - 2 40 g SE
. . o i e 35 a0 BE
: . é . RN ! 8 30 3 ‘ g
2 HiTe gEUE AT = 500 1 A —— i £
2 gt feell: ¢ ] : S 20 )
. R 5. i . g 15 5 ®
. x » . 10 -
- = . e % os
o ERTR - 3
TSRS TP EE T EL OIS PP OOPTIETIOE L
Cof G LTSS FEEEEFISTSEE SFEFSELE
RIS ES I GE TSI Pancreas (16)  Pancreatic Carcinoma (36) ”('::7";' (::’1“3“7’) G:‘:‘s‘fjlogw;zﬁi“

CKs1B
Age
Gender

CKS1B  Age Gender Grade*  Stage T ™ N
Low I <=65 l FEMALE [l G1 Stage | T M Mo N
High [ >65 MALE G2 Stage Il T2 w1 | I
mas Stagell W T3 unknow unknow
Mo Stage IV M T4
unknow | unknow unknow

G

N
S

o

\

Relative expression of CKS1B
s
P
_.s\\\
Relative expression of CKS1B






OEBPS/Images/fimmu-13-1052768-g004.jpg
CKS1B B Low Bl High

CKs1B [EF] Low [F] High

0.6

uopoess

21008 JNL

B3 Arm-level Deletion
B3 Diploid/Normal
B3 High Amplication

Copy Number
B3 Arm-level Gain

PAAD

w4k

ok

ok

3

0.754

&
0
o
oA uoney

=

CDS8+ T Cell CD4+ T Cell Macrophage Neutrophil Dendritic Cell

B Cell





OEBPS/Images/fimmu-13-1052768-g003.jpg
oty .

ocyo mooss

ETEpa—
Homan T-co uhori, .
"o T e e
Progesteone modates b
e e
s
H

,,,,,,,,,,,

mmmmmm
el receplor compl

D E

; (] I\"HIH I ll\ f ‘ gj I‘ ||"“\"\HH”’"\I\f"“lll\\‘w ’””I IH H"
,_Wwwm..w Nt ot W CE PTG M
5 Ik T

Bil T T — 80T T I






OEBPS/Images/fimmu-13-1052768-g009.jpg
o o 9 o o
LD e w®w S ®
N & - -

PaLLIo) SAUOD JO JaquINN

shCKS1B

ctrl

—— ctrl
shCKS1B

-

]

20

0srao)s

< 0
- o

A [PD

o

shCKS1B

ctrl

shCKS1B

ctrl

* %k

shCKS1B

=
=

I
S &

o o e o o
=) o < «

1199 pajesBiw jo sequiny

shCKS1B

ctrl

[
=
@
X
g
* [
*
*
E
=3 =3 =3 o
-« © ~ -
2INS0|) PUNO %
x
b4
¥
e o o ° °
< © ~ -

S||130 BAISEAUI JO JBQqUINN

shCKS1B






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Identification of CKS1B as a prognostic indicator and a predictive marker for immunotherapy in pancreatic cancer

      

        		

          Introduction

        



        		

          Method

        

          		

            Pancreatic cancer dataset source and preprocessing

          



          		

            Pathway enrichment and Gene Set Enrichment Analysis (GSEA)

          



          		

            Analysis of infiltration of immune cells

          



          		

            Patients

          



          		

            Tissue microarray and immunohistochemistry (IHC)

          



          		

            Cell culture and transfection

          



          		

            Reverse transcription-quantitative polymerase chain reaction (qRT‐PCR)

          



          		

            Western blot assay

          



          		

            CCK8 assay

          



          		

            Clone formation experiment

          



          		

            Wound healing assay

          



          		

            Transwell assay

          



          		

            Statistical analysis

          



        



        



        		

          Result

        

          		

            CKS1B is highly expressed and correlated with histological grade in pancreatic cancer

          



          		

            CKS1B indicates a dismal prognosis in pancreatic cancer

          



          		

            CKS1B expression has independent prognostic value in pancreatic cancer

          



          		

            CKS1B is involved in immune and autophagy regulation through GSEA analysis

          



          		

            CKS1B expression is related to the infiltration of immune cells in pancreatic cancer tissue

          



          		

            CKS1B expression is correlated with microsatellite instability (MSI), tumor mutational burden (TMB), and neoantigen

          



          		

            CKS1B is positively associated with efficacy of immunotherapy in pancreatic cancer

          



          		

            Knocking down CKS1B inhibits autophagy and STAT3/PD-L1 signaling in PC cells

          



          		

            CKS1B knockdown inhibits the proliferation of pancreatic cancer cells

          



          		

            Knockdown of CKS1B inhibits migratory and invasive capabilities of pancreatic cancer cells

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu.2022.1052768_cover.jpg
’ frontiers ‘ Frontiers in Immunology

Identification of CKS1B as a
prognostic indicator and
a predictive marker for
immunotherapy in pancreatic cancer





OEBPS/Images/table2.jpg
Characteristic

n
T stage, n (%)

T1

T2

T3

T4

N stage, n (%)

NO

N1

M stage, n (%)

MO

M1

Pathologic stage, n (%)
Stage 1

Stage IT

Stage IIT

Stage IV

Radiation therapy, n (%)
No

Yes

Gender, n (%)

Female

Male

Age, n (%)

<=65

>65

Residual tumor, n (%)
RO

R1

R2

Histologic grade, n (%)
Gl

G2

G3

G4

Alcohol history, n (%)
No

Yes

History of diabetes, n (%)
No

Yes

History of chronic pancreatitis, n (%)
No

Yes

Family history of cancer, n (%)
No

Yes

Age, mean + SD

Low expression of CKS1B

89

4(23%)

15 (8.5%)

66 (37.5%)
3(1.7%)

24 (13.9%)
61 (35.3%)

38 (45.2%)
2(2.4%)

13 (7.4%)
69 (39.4%)
3(1.7%)
2(1.1%)

56 (34.4%)
26 (16%)

44 (24.7%)
45 (25.3%)

48 (27%)
41 (23%)

55 (33.5%)
26 (15.9%)
2(1.2%)

22 (12.5%)
49 (27.8%)
16 (9.1%)
1(0.6%)

34 (20.5%)
48 (28.9%)

48 (32.9%)
22 (15.1%)

62 (44%)
5(3.5%)

22 (20%)
33 (30%)

64.16 + 11.08

High expression of CKS1B

89

3 (1.7%)
9 (5.1%)
76 (43.2%)
0 (0%)

26 (15%)
62 (35.8%)

41 (48.8%)
3 (3.6%)

8 (4.6%)
77 (44%)
0 (0%)
3 (1.7%)

62 (38%)
19 (11.7%)

36 (20.2%)
53 (29.8%)

45 (25.3%)
44 (24.7%)

52 (31.7%)
26 (15.9%)
3 (1.8%)

9 (5.1%)
46 (26.1%)
32 (182%)

1(0.6%)

31 (18.7%)
53 (31.9%)

60 (41.1%)
6 (11%)

66 (46.8%)
8 (5.7%)

25 (22.7%)
30 (27.3%)
65.34 + 10.54

0.145

0.982

1.000

0.208

0316

0.292

0.764

0.957

0.006

0.658

0215

0.693

0.700

0.468





OEBPS/Images/fimmu-13-1052768-g007.jpg
£
3
g
g
E|
T

02

0.1

@

=

cks18 [l ov [l Hion

cks1B [ tow [ Hioh

High

High

CKS1B expression

ips_ctla4_pos_pd1_neg

BB Non-response Bl Response Cc cks18 [ tow [ Hich
0.00061 1"
P {
000055
10
2
3 o
B9
o
g
2 )
38
3
g
1 =7
0 6
Non-response Response Low High
cks18 [ tow [ Hioh F cks18 [ tow [ Hioh
1 10
10
2
8
S8
® 5
bl
8 g
< 6
3
7 5
o
&
6 4
5

Low High

Low High





OEBPS/Images/fimmu-13-1052768-g002.jpg
A

CKs1B

Age

Gender

Grade

Stage

CKs1B

Age

Grade

pvalue

<0.001

0.013

0.590

0.028

0.106

pualue

0.007

0.056

0.283

Hazard ratio

1.683(1.245-2.276)

1.027(1.006-1.048)

0.893(0.591-1.348)

1.383(1.035-1.847)

1.363(0.937-1.985)

Hazard ratio

1.561(1.126-2.135)

1.021(0.999-1.043)

1.186(0.869-1.618)

00 05 10 15 20

Hazard ratio

—_——

00 05 10 15 20
Hazard ratio

Points

L o 70
Grade =

8 |

Age”™

WA o a
CKS1B*

1 5 25 3 35 ¥ a5

Total points

VadaYs

608 100 120 140 60 180 200 220 280 260 20
0441
e =gy 05 o3 o765 007 0b3
0.525
Priftime> 3y 05 3 07 072 b6
0,648
Pr(fuime > 19 g5 0] 075 085 0% 045
o | /
o /
I3 o~
el
o <
G ° /
-
E I
5 X
$ o
2
© Y
o 5
© —— 1-year
— 3-year
o — 5-year
S L] i
T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Nomogram-predicted OS (%)





OEBPS/Images/fimmu-13-1052768-g005.jpg
A Macrophages MO —_—e wm B . o . s p
T callsolcuar helper — 003 FES e P EETSE P 0 55 o s
8 cells memory — 012 == - B -
Macrophages M1 — 0338 oo o
Eosinophils — 0348 abs(cor) e e “ e
NK cells activated — 0372 e 01 M
Macrophages M2 — 0483 ®02
Mast cels activated — 0530 ®03 P
T cells gamma delta - 0571 04 i
Dendric cels actvated . o0am 05 e
NK celsresting . 0924 P——
T calls regulatory (Tregs) - 0670 el
Mastcells resiing — 0347
Neutrophis — 029
Plasma cells — 0252 pvalue . Tl
T cells CD4 naive — o021 3
Dendriccolsresting ~— 0.9 02 .
B ot naive -— 0034 04 %
T cells CD4 memory resting — 0031 06 i
T cells CD4 memory activated *— 0.019 ] 08 B
T cells CDB ——— 0002 1 i
Y —— <0.001 G
04 02 00 02 04 e
Correlation Coefficient T e s o o

Cc
Profiled in Protein exprossion z:scores (RPPA) [ {1 I (AN AAI 0001 OO O OR8N RO 0

CKs1B N 111]]

Genetic Alteration | Ampification || Noalterations

Profiled in Protein expression Bres o
z-scores (RPPA)





OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu-13-1052768-g008.jpg
Relative expression of CKS1B 2

-
o

-
(=]

o
]

o
°

Fokkok

Fokkk

ctrl

#1

shCKS1B

#2

shNC

#1

shCKS1B
#2

p-STAT3

PD-L1

GAPDH

ctrl

J15
E Fokkk
- KKK
5 —
5 1.0
@
73
g
g
%05
2
k-
Z 00
& & F
& &
e &
& &
shCKS1B
#1 #2






OEBPS/Images/table1.jpg
Gene

18s
18s
CKS1B
CKS1B
PD-L1
PD-L1

Direction

Forward
Reverse
Forward
Reverse
Forward

Reverse

Sequences (5'-3")

AACCCGTTGAACCCCATT
CCATCCAATCGGTAGTAGCG
TATTCGGACAAATACGACGACG
CGCCAAGATTCCTCCATTCAGA
GGCATTTGCTGAACGCATTT
ACAATTAGTGCAGCCAGGTCT





